Vehicle air-conditioning device including a multi- 
purpose heat exchanger 

5 

Field of 'the Invention 

The invention relates to the air-conditioning 
of the passenger compartment of motor vehicles. 

10 Background of the Invention 

Reliance is often placed, for this function, on 
a refrigerant-fluid circuit including a compressor, a 
condenser serving as heat sink, a pressure-reducing 
valve and a first evaporator serving as cold source. 

15 The object of the invention is to enhance the 

production of cold for a given size of the cold source. 

The invention especially envisages a device for 
air-conditioning the passenger compartment of a motor 
vehicle, comprising a refrigerant-fluid circuit 

20 including a compressor, a condenser serving as heat 
sink and a first evaporator serving as cold source . 

Summary of the Invention 

According to the invention there is provided a 
25 device for air-conditioning the passenger compartment 
of a motor vehicle, comprising a refrigerant-fluid 
circuit including a compressor, a condenser serving as 
heat sink and a first evaporator serving as cold 
source, and further comprising a second evaporator and 
30 switching means for making the fluid flow either only 
in the first evaporator, or in the two evaporators, 
depending on the required cooling power, the first and 
second evaporators being traversed one after the other 
at least partly by an airflow to be cooled. 



The' replacement of a single evaporator by two 
evaporators with a total volume at most equal to the 
volume of the single evaporator promotes the removal of 
the condensates originating from moist air, thus 
reducing the thickness of the film of water which forms 
an obstacle to the heat exchange between the air and 
the refrigerant fluid and which causes a loss of 
pressure head in the airflow. The production of cold is 
thus increased. 

The invention, moreover, facilitates management 
of the cooling power by putting the two evaporators or 
only one of them in service as required. 

Optional characteristics of the invention, which 
are complementary or alternative, are set out below: 

- the switching means are able, moreover, to 
make the fluid flow only in the second evaporator; 

- the switching means are able to make the fluid 
flow alternately in the first and second evaporators; 

- the first and second evaporators have 
different cold-production capacities ; 

- the switching means include means for making 
the fluid flow in an additional heating loop containing 
the second evaporator and not containing the condenser 
nor the first evaporator, the second evaporator then 
serving as heat source; 

- the additional heating loop contains, between 
the outlet of the second evaporator and the inlet of 
the condenser, a pressure-reducing valve in parallel 
with bypass means which can be closed off, allowing the 
fluid to pass through this pressure-reducing valve when 
the second evaporator is serving as heat source and to 
avoid it when the second evaporator is serving as cold 
source ; 



- the said circuit includes a unit module linked 
to the inlet of the compressor, to the outlet of the 
condenser, to the inlet and to the outlet of the first 
evaporator, to an external junction point situated 

5 between the outlet of the compressor and the inlet of 
the second evaporator and to the outlet of the latter, 
the said module containing at least one anti-return 

the outlet of the first 
of the compressor, an internal 
the outlet of the condenser, a 
valve interposed between the 
and the^ inlet of the first 
valve and a second pressure- 
are interposed between the 
and the inlet of the second 

heating loop further contains, 
between the second evaporator and the compressor, a 
pressure-reducing valve followed by a supplementary 
20 heat exchanger able to extract heat from an outside 
environment, and operates as heat pump; 

- means are provided for allowing the fluid to 
circumvent the supplementary heat exchanger and the 
associated pressure-reducing valve when it is flowing 

25 in the two evaporators; 

- the switching means are able to make the fluid 
leaving the compressor flow first of all in the second 
evaporator, which then plays the role of condenser, 
then in two branches, in parallel, respectively 

30 containing the first evaporator and the condenser, 
which then plays the role of evaporator, before 
bringing it back to the compressor; 

- the two evaporators, as cold sources, are 
arranged mutually in parallel in the circuit; 



valve arranged between 
evaporator and the inlet 

10 junction point linked to 
first pressure-reducing 
internal junction point 
evaporator, and a stop 
reducing valve which 

15 internal junction point 
evaporator; 

- the additional 



the two evaporators, as cold sources, are 
arranged mutually in series in the circuit; 

- the circuit further includes means for setting 
the throughput and/or the pressure of the fluid sent 
into the evaporators as a function of the pressure 
and/or of the temperature of the fluid leaving one 
and/or the other of the evaporators; 

- one of the first and second evaporators forms, 
with a radiator for heating the passenger compartment, 
a compound heat exchanger in which an airflow to be 
cooled or to be heated is in thermal contact both with 
the refrigerant fluid of the said circuit and with a 
heat-carrying fluid supplying the said radiator; 

- the said compound heat exchanger comprises two 
fluid chambers supplied respectively with refrigerant 
fluid and with heat-carrying fluid, which are arranged 
at opposite ends to one another with respect to a bank 
of tubes, each tube having a U-shaped configuration in 
which the ends of the two branches communicate with one 
of the fluid chambers, in such a way as to be traversed 
by the corresponding fluid, this fluid being 
alternately the refrigerant fluid and the heat-carrying 
fluid in the direction of the airflow; 

- one of the first and second evaporators forms, 
with a first heat exchanger in which a heat-carrying 
fluid flows, a compound heat exchanger in which the 
said refrigerant fluid exchanges heat with the said 
heat-carrying fluid, the latter also flowing in a 
second heat exchanger intended to heat or to cool a 
region of the passenger compartment other than that 
receiving the said airflow, and/or in a reservoir 
allowing storage of heat or of cold; 

- the first evaporator, a radiator for heating 
the passenger compartment and the second evaporator are 



traversed 
be cooled 



successively in that order by an airflow to 
O'r to be heated. 



Brief description of the drawings 

The characteristics and advantages of the 
invention will be set out in more detail in the 
description below, by referring to the attached 
drawings . 

Figures 1 to 14 are diagrams of circuits 
relating to various embodiments of an air-conditioning 
device according to the invention. 



Description of the preferred embodiments 

Figure 1 shows a heat-carrying fluid circuit 1 
serving especially for cooling the drive engine 2 or a 
fuel cell of a motor vehicle and for heating the 
passenger compartment thereof, and a refrigerant-fluid 
circuit 3 serving for cold production in the passenger 
compartment- The circuit 1 comprises three branches in 
parallel between the outlet and the inlet of the engine 
2f namely a first branch 4 containing a cooling 
radiator 5, associated with a fan 6, a second branch 7 
allowing the fluid to return directly to the engine 
when the engine is cold, under the control of a 
thermostat 8, and a third branch 9 containing a heating 
radiator 10, associated with a fan 11, and a setting 
cock 12 . 

The circuit 3 conventionally contains a 
compressor 13, a condenser 14, a pressure-reducing 
valve 15 and a first evaporator 16 intended for 
extracting heat from an airflow to be sent into the 
passenger compartment . 

According to the invention, to the refrigerant- 
fluid loop defined by the abovementioned components. 
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there is added a supplementary branch 17 starting from 
a junction' point A situated between the condenser 14 
and the pressure-reducing valve 15, and arriving at a 
junction point B situated between the evaporator 16 and 
5 the compressor 13. The branch 17 successively contains 
a stop valve 18, a second pressure-reducing valve 19 
^ and a second evaporator 20. Adv^nta'geously , but not 
necessarily, the radiator 10 and the evaporator 20 form 
part of a compound heat exchanger . comprising two fluid 
10 chambers 21 and 22 arranged on either side of a bank of 
tubes 23 and supplied respectively with heat-carrying 
fluid and with refrigerant fluid. The exchanger 21-23 
is, for example, of the type described in EP-A-964218, 
'41 in which each tube has a U-shaped configuration the 

p 15 extremities of the two branches of which communicate 

with one of the fluid chambers, the tubes traversed by 
yj a fluid being arranged alternately with those traversed 

by the other fluid, in the longitudinal direction of 
O the fluid chambers. 

20 Depending on the need for cold, the stop valve 

Jjf 18 is either closed, allowing the fluid to flow only in 

hi the pressure-reducing valve 15 and the evaporator 16, 

or open, allowing the fluid to flow in parallel in the 
two pressure-reducing valves and in the two 
25 evaporators. In this latter case, the setting cock 12 
is in closed position. 

The heat-carrying fluid circuit represented in 
Figures 2 and 4 to 6 is identical to that of Figure 1, 
and will therefore not be described again. As for the 
30 refrigerant-fluid circuit 3 represented in Figure 2, it 
differs from that of Figure 1 essentially by the 
insertion of a three-channel valve 30 between the 
compressor 13 and the condenser 14, the third channel 
of the valve 30 being linked via a pressure-reducing 



valve 31 to a junction point C situated on the branch 
17 between* the pressure-reducing valve 19 and the 
evaporator 20. An anti-return valve 32 is interposed, 
moreover, between the evaporator 16 and the junction 
point B, preventing any flow from this point towards 
the evaporator. 

The three-channel valve 30 makes it possible to 
put the outlet of the compressor 13 in communication 
either with the inlet of the condenser 14, or with that 
of the evaporator 20, via the pressure-reducing valve 
31. In the first case, the circuit functions in the 
same way as that of Figure 1- In the second case, the 
compressor, the pressure-reducing valve 31 and the 
evaporator 20 form an additional heating loop in which 
the fluid flows in the gaseous state and the evaporator 
serves as heat source, as described in FR-A-2 717 126. 
Depending on the requirements for heat or for cold, and 
under the control of the valves 18 and 30, the 
evaporator 20 can therefore either not receive any 
fluid, or serve as an additional cold source for high 
cooling power, or serve as a top-up heat source for 
high heating power. 

Figure 3 shows a heat-carrying fluid circuit 1 
similar to that of Figures 1 and 2, in a simplified 
representation, a refrigerant-fluid circuit 3 which is 
a variant of that of Figure 2, and a part of the 
circuit 40 for the airflow to be treated in order to be 
sent into the passenger compartment of the vehicle. The 
circuit 40 comprises a duct 41 into which the outlet 
from the fan 11 opens out and in which are arranged 
successively, downstream of the fan, the first 
evaporator 16 and the compound heat exchanger 10, 20, a 
pivoting flap 42 making it possible to channel the 
whole of the airflow through the compound exchanger or 



to let a variable throughput pass outside of it. The 
adjusting .flap 42 thus varies the heating power 
transmitted by the radiator 10 to the airflow, and 
replaces the setting cock 12. 

In Figure 3 are again found the engine 2 of the 
vehicle, the cooling radiator 5 and the associated fan 
6. All the elements of the refrigerant-fluid circuit 3 
of Figure 2 are seen again here, with the exception of 
the pressure-reducing valve 31, which is not necessary 
given that the evaporator 20 is capable of withstanding 
the pressure of the gas coming from the compressor 13. 
A reservoir-dehydrator 43, omitted from Figures 1, 2 
and 4 to 6, is arranged between the outlet of the 
condenser 14 and the junction point A. Moreover, a 
frame 44 in dashed line surrounds a certain number of 
components of the circuit 3 which are advantageously 
produced in the form of a unit module, namely the 
pressure-reducing valves 15 and 19, the valve 18 and 
the anti-return valve 32. The module 44 also contains 
the junction points A and B, and features inlet and 
outlet orifices for connecting it to the inlet of the 
compressor 13, to the outlet of the condenser 14, to 
the inlet and to the outlet of the evaporator 16, to 
the junction point C and to the outlet of the 
evaporator 20. 

The circuit 3 represented in Figure 4 differs 
from that of Figure 2 by the addition of the following 
elements. A three-channel valve 50, a pressure-reducing 
valve 51 and a supplementary heat exchanger 52 are 
interposed in that order between the outlet of the 
evaporator 20 and the junction point B. The third 
channel of the valve 50 is linked to a junction point D 
situated between the point B and the inlet of the 
compressor 13. When the evaporator 20 is used as cold 
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source jointly with the evaporator 16, the valve 50 
links rits .outlet to point D, and the operation of the 
circuit is identical to that described above. In 
contrast, when the evaporator 20 is used as heat 
5 source, the refrigerant fluid flows in the compressor 
13, in the pressure-reducing valve 31 if appropriate, 
in the evaporator 20, in the pressure-reducing valve 51 
and in the supplementary exchanger 52, the latter 
extracting heat from an outside environment such as the 
10 atmosphere outside the vehicle or the engine cooling 
fluid, so that the circuit functions as a heat pump. 

The basic loop formed by the compressor 13, the 
condenser 14, the pressure-reducing valve 15 and the 
evaporator 16 are found again in Figure 5. A three- 
15 channel valve 60 is interposed between the outlet of 
the evaporator 16 and the inlet of the compressor 13, 
yj its third channel being linked to the inlet of the 

second evaporator 20, while the outlet of the latter is 
linked to a junction point E situated between the valve 
20 60 and the inlet of the compressor- The valve 60 can 
link the outlet of the evaporator 16 either to the 
point E, or to the inlet of the evaporator 20. In the 
first case, the latter is not supplied with fluid. In 
the second case, it is supplied in series with the 
25 evaporator 16 and thus serves as top-up cold source. 
Advantageously, a regulation unit 61 acts on the 
pressure-reducing valve 15 in order to set the pressure 
and/or the throughput of the fluid as a function of the 
temperature and/or of the pressure sampled at the 
30 outlet from the evaporator 16 and/or at that of the 
evaporator 20. 

The refrigerant-fluid circuit 3 illustrated in 
Figure 6 differs from that of Figure 5 by the presence 
of a three-channel valve 30, of a pressure-reducing 



valve 31 and of an anti-return valve 32 which are 
produced and arranged as in the circuit of Figure 2. 
Moreover, the three-channel valve 60 is replaced by a 
simple junction point B and a three-channel valve 70 
replaces the junction point E. When the three-channel 
valve 30 puts the outlet of the compressor 13 in 
communication with the inlet of the condenser 14, the 
circuit functions like that of Figure 5, depending on 
the position of the valve 70. When the inlet and the 
outlet of the compressor 13 are put into communication 
respectively, via the valves 70 and 30, with the two 
ends of the evaporator 20, the latter serves as heat 
source. The direction of circulation of the fluid there 
is then the reverse of the circulation direction when 
it serves as cold source. 

Figures 7 and 8 show a refrigerant-fluid circuit 
100 comprising a compressor 101, a condenser 102, a 
first evaporator 103 and a second evaporator 104. A 
heating radiator 105, independent, in the present case, 
of the second evaporator 104, is interposed between the 
first and second evaporators on the path of an airflow 
F to be sent into the passenger compartment of the 
vehicle. A four-channel valve 106 has two of its 
channels 106-1 and 106-2 linked respectively to the 
outlet and to the inlet of the compressor 101. The 
condenser 102 is connected between a third channel 106- 
3 of the valve 106 and a first channel 107-1 of a 
three-channel valve 107 . The first evaporator 103 is 
connected between a second channel 107-2 of the valve 
107 and the inlet of the compressor, jointly with the 
channel 106-2. Finally, the second evaporator 104 is 
connected between the third channel 107-3 of the valve 
107 and the fourth channel 106-4 of the valve 106. 
Anti-return valves 108, 109 are arranged between the 



condenser 102 and the valve 107, in the direction of 
the latter., and between the evaporator 103 and the 
compressor, in the direction of the latter. 

In the configuration illustrated in Figure 7, 
the channels 106-1 and 106-2 of the valve 104 are 
linked respectively to the channels 106-3 and 106-4, 
and the channel 107-1 of the valve 107 is linked to its 
two other channels. The fluid leaving the compressor 
thus flows in the condenser, then in parallel in the 
two evaporators, thus producing maximum cooling power. 
The channel 107-1 of the valve 107 can also be linked 
to only one of its outlets 107-2 and 107-3, allowing 
the fluid to flow in only one of the two evaporators. 
The benefit of being able to supply one or other of the 
evaporators at will, in addition to being able to 
supply them both simultaneously, is twofold. On the one 
hand, it is possible thus to supply the two evaporators 
alternately, which, when there is no need to make the 
two evaporators function simultaneously, avoids 
maintaining a dead space in which the lubricating oil 
circulating normally with the refrigerant fluid would 
accumulate. On the other hand, it is possible, when the 
two evaporators are of different sizes and consequently 
of different cooling capacities, to choose at any 
moment which of them is best adapted to the cold- 
production requirements, or, as appropriate, best 
adapted to the quantity of refrigerant fluid available 
in the event of under-filling. In this case, in fact, 
by reducing the size of the evaporator, more time is 
required to obtain the desired temperature, but, on the 
other hand, the problems of thermal imbalance in the 
evaporator, and consequently in the passenger 
compartment , are avoided . 



In the configuration illustrated in Figure 8, 
the channels 106-1 and 106-2 of the valve 106 are 
linked respectively to the channels 106-4 and 106-3, 
and the channel 107-3 of the valve 107 communicates 
with the two other channels 107-1 and 107-2. The fluid 
leaving the compressor 101 then flows first of all in 
the evaporator 104, which then plays the role of 
condenser, then in parallel in the condenser 102, which 
then plays the role of evaporator, passing into a 
bypass duct 110 arranged in parallel with the anti- 
return valve 108, and into the evaporator 103, before 
returning to the compressor. The loop containing the 
evaporator 104 and the condenser 102 functions in heat- 
pump mode, the evaporator 104 providing additional 
heating of the airflow F. Although this airflow is 
first of all cooled by the evaporator 102 before being 
heated up, this configuration is beneficial since, here 
again, it makes it possible to avoid oil accumulating 
in a dead branch since the fluid is circulating 
simultaneously in all the branches of the circuit. 

Figures 9, 11 and 12 show embodiments of the 
refrigerant-fluid circuit 3 capable of being used in 
place of those of Figures 1 to 6. 

The circuit of Figure 9 differs from that of 
Figure 2 in that the pressure-reducing valve 31 is 
replaced by a pressure-reducing valve 80 arranged 
between the outlet of the evaporator 20 and the 
junction point B, in parallel with a stop valve 81. 
When the evaporator 20 is functioning as heat source, 
the valve 81 is closed and the fluid passes through the 
pressure-reducing valve 80 so as to undergo pressure 
reduction downstream of the evaporator 20, thus 
avoiding overheating the compressor. When the 
evaporator 20 is functioning as cold source, the valve 



81 is open and the fluid does not pass through the 
pressurre-reducing valve 80. 

Figure 10 is a view similar to Figure 3, 
incorporating the circuit 3 of Figure 9, certain 
elements of the air circuit 40 being omitted. The 
pressure-reducing valve 80 and the valve 81 are 
included in the module 44, which is connected to the 
rest of the system in the same way as that of Figure 3 . 

The circuit 3 of Figure 11 comprises an 
additional heating loop similar to that of Figure 9, 
comprising the compressor 13, the evaporator 20 and the 
pressure-reducing valve 80 in parallel with the valve 
81. In this loop, here again, the valve 30 is linked, 
on the one hand, to the outlet of the compressor, on 
the other hand to the inlet of the evaporator 20, by 
way of the junction point C. The third channel of the 
valve 30 is linked to the inlet of the condenser 14, 
the outlet of which is linked to the point C by way of 
the pressure-reducing valve 15 of the air-conditioning 
loop. Another three-channel valve 82 is interposed on 
the additional heating loop, between the outlet of the 
pressure-reducing valve 80 and the inlet of the 
compressor 13. As for the evaporator 16, it is linked, 
on the one hand, to the third channel of the valve 82, 
and on the other hand to a junction point G situated 
between the valve 82 and the inlet of the compressor. 
An anti-return valve 83 allows the fluid to flow in the 
evaporator 16 only in the direction from the valve 82 
towards the point G. In this circuit, in air- 
conditioning mode, the fluid flow either in the 
evaporator 20 alone, or successively in it and in the 
evaporator 16. 

This also goes for the simplified circuit 3 of 
Figure 12, which does not include an additional heating 



loop. By comparison with the circuit of Figure 11, the 
pressure-reducing valve 80 and the valve 81 are 
dispensed with, as well as the valve 30 and the branch 
linking it to the point C, the outlet of the compressor 
being linked directly to the inlet of the condenser , 

Figures 13 and 14 represent a refrigerant-fluid 
circuit 3 similar' to that of Figure 2, associated, by 
way of a compound heat exchanger 124, with different 
heat-carrying fluid circuits . 

The heat-carrying fluid circuit 120 of Figure 13 
is a loop comprising a first heat exchanger 125 which, 
with the evaporator 20, forms the compound exchanger 
124 in which the heat-carrying fluid and the 
refrigerant fluid exchange heat, a circulation pump 121 
and another heat exchanger 122 serving to heat up or 
cool down a region of the passenger compartment of the 
vehicle other than that into which the airflow passing 
through the exchanger 124 is sent . 

The loop 120 of Figure 14 also comprises a pump 
121 as well as a thermally insulated fluid reservoir 
123 making it possible to store heat or cold. A heat 
exchanger 122 similar to that of Figure 13 is provided 
as an option. 

Each of the heat-carrying fluid circuits of 
Figures 1 to 5, 13 and 14 can be associated with each 
of the refrigerant-fluid circuits of Figures 1 to 6 and 



